Abstract Low-level microwave (MW) fields may under certain conditions of exposure cause measurable effects in biological organisms. Exposure of the general public to MWs in the environment is generally below intensities which are considered as responsible for evoking bioeffects. Introduction of cellular phone (CP) systems has increased considerably MW exposure of CP users. Health consequences of long-term use of CPs are not known in detail, but available data indicate that development of non-specific health symptoms is possible, at least in``MW hypersensitive'' subjects. In contrast to terminal CPs, transmitting antennas and base stations (BS) contribute to MW environmental contamination only with a small portion of the energy and do not pose any health risks. Health risks of CP use are underestimated and accepted, while risks of BS are generally overestimated by the public. Therefore, an improved risk communication as well as further studies of the risks are required.
Introduction
In the last few decades, the use of devices which emit electromagnetic fields (EMFs) has increased considerably. This proliferation has been accompanied by an increased concern about possible health effects of exposure to these fields (for reviews see Bernhardt et al., 1997; ICNIRP, 1998; WHO, 1993) . Humanmade sources in the spectrum of EMFs (up to 300,000MHz) produce local field levels many orders of magnitude above the natural background. Radio and television transmitters are examples of radiofrequency (RF ± 0.1 ± 300MHz) and microwave (MW ± 300 ± 300,000MHz) sources that intentionally produce EM emissions to the environment. Exposure levels in the MW range are traditionally described in terms of``power density'' and are normally reported in watts per square metre (W/m 2 ), or milliwatts per square centimetre (mW/cm 2 = 10W/m 2 ). Systems which emit MW energy to the environment, including broadcasting stations, radar and telecommunication antennas, vary greatly in terms of their design. This diversity results in somewhat different approaches in evaluating human exposure and potential risk problems.
Fortunately, a comprehensive evaluation of residential exposure to RF and MW indicates that, in general, the exposure levels are relatively low.
Measurements performed in 15 large cities in the USA revealed that the median exposure level ranged about 0.05W/m 2 , with 90 per cent of residents being exposed to fields not exceeding 0.1W/m 2 (WHO, 1993) . Only approximately 1 per cent of the population studied was potentially exposed to levels greater than 1W/m 2 . These higher exposures occur at limited areas located close to strong MW sources. Such situations can exist, e.g. in proximity to very powerful, ground-level transmitters. or to low-power, in-town repeaters, which are typically mounted on the top of tall buildings (Bernhardt et al., 1997; Hester, 1998) .
Introduction of cellular phone (CP) systems and a fast increase of number of users of hand-held phones in the last decade has changed the MF exposure levels of the population quite considerably. With CPs, an MW transmitter has been for the first time ever in history put right up against the side of a person's head, and switched on. Analysis of distribution and absorption of the radiation revealed that about 40 per cent of the MW energy emitted from a CP antenna goes into the user's head and hands (Adey, 1997) . Such a situation immediately raised concerns about possible health risks of the exposures, among both the bioelectromagnetic community and the public. In many countries, cellular phones (CPs) have become so much a part of modern life that people just assume that somebody has proven that they are safe and there exist no considerable health risks related to frequent use of the devices. But the recently available scientific data indicate that this assumption may be wrong; there is still a lot we do not know about how CPs held close to the head for long periods may affect our health status. After all, CPs are MF transmitters and this radiation has been linked in some studies with possible DNA damage (Brusick et al., 1998; Singh, 1995, 1996; Verschaeve and Maes, 1998) and some other cellular effects (Cleary, 1997) . Fortunately, till now, no cases of specific syndromes and/or increased risk of any spontaneous diseases, which can be causally linked to action of MWs emitted from CPs, have been documented in medical or epidemiological observations of CP users (Adey, 1997; ICNIRP,1996; Juutilainen and deSeze, 1998; Rothman et al., 1996) . On the other side, a variety of nonspecific health symptoms (NSHS), including headaches, fatigue, affected sleep parameters, and small changes in blood pressure, generally referred to as``MW hypersensitivity'', were reported in single studies of CP users (Braune,1998; Hermann and Hossmann, 1997; Hocking, 1998; Leitgeb, 1998; Veyret, 1999) . Still more, the recent epidemiologic study performed in Sweden and Norway on about 11,000 CP users points a clear relation between occurrence of NSHS and intensity of CP use ± about 20 per cent of those who use CP for one hour daily or more report NSHS, while the numbers are considerably lower for those who use CP for 15 or 30 minutes daily (Mild et al., 1998) . From the scientist's point of view, the present bulk of evidence allows us to conclude without doubt that CPs have a``biological effect'', although the clinical relevance of this``effect'' still remains unclear. On the other side, the CP industry has conducted a sophisticated and, so far, very successful campaign to accentuate the positive possibility that their products do not pose any health problems.
The CP systems apply transmitting antennas which provide connection inside and between``cells'' and assure communication with the user's hand-held terminal (CP). These antennas are typically mounted on base stations (BS), which are sprouting up almost anywhere across the country, from brickwalls to rooftops and storefronts. They are everywhere, a lot of them. In fact, no one even knows for sure where all BSs are sited in his neighborhood. Additionally, numerous BS are installed on 20-50m high towers (masts), which appear to be quite frequently settled relatively near houses, schools or kindergartens. From BS antennas beams of MW radiation are emitted continuously to assure communication between the``cells'' and this raises a question whether or not the system creates any threats for the environment and for residents. BS themselves, as well as their location cause considerable concerns from the public. The arguments of individuals and organized groups of residents opposing installation of BS in their neighborhood vary from uncertainties in assessment of health risks from continuous exposure to low-level MW fields tò`a n unreasonable interference with the use and enjoyment of homes'' and loss in value of houses. In general, the uncertainties in assessment of health risks from BS, as summarized, presented and distributed by organized groups of residents who protest against settlement of BS, appear to be exaggerated, with a frequent tendency for including poorly verified bibliographical data on bioeffects of MW radiation and incredible extrapolation of results from MW exposure systems which do not resemble either the intensities or the frequencies applied in the CP systems. Finally, this leads to incorrect assessment of risks and threats by the public (Covello, 1998) , both from BS and CPs, with a general tendency to overestimate risks from BS and neglect risks from use of CPs. This improper assessment of risks is, however, difficult for correction by scientists, as the community in general accepts CPs as very handy and useful, while the fears of`a n unreasonable interference with the use and enjoyment of homes'' and loss in value of houses caused by BS settled in the vicinity are quite convincing.
The aim of this paper is to review briefly the available data on bioeffects and possible health hazards of low-level MW fields, point to the most important gaps in knowledge and to conclude whether or not the CP systems, including both BS and terminals (CP), can influence the environment and the residents' health status. In view of these data we shall consider needs for better assessment and communication of the CP-related health risks and correction of the improper perception of these risks by the community.
Bioeffects and health hazards of low-level MW fields MW energy penetrates inside biological tissues and may there be transformed into heat. The deposition of larger amounts of MW energy in the human body tends to increase the body temperature to the extent which depends on numerous external and internal factors, including thermal environment and metabolic heat production. In normal thermal environment an SAR (specific absorption rate) of MW radiation of 1 ± 4W/kg for 30 minutes produces an average body temperature increase of less than 1ëC for healthy adults (ICNIRP, 1998; WHO, 1993) ; a situation which is considered tolerable from the thermophysiological point of view. Deposition of larger amounts of MW energy (SAR > 4W/kg), either locally or in the whole organism, may result in heat loads which cause irreversible thermal injury of cells and tissues. Still more, the absorption of MW energy in biological organisms depends on numerous physical and physicochemical factors, including size and shape of the object, water content and dielectric properties of tissues, as well as position of the body in the MW field. All this results in a very non-uniform absorption of MW energy inside the exposed body and frequent formation of``hot spots'' in small areas inside tissues and organs, which are impossible for precise prediction. Such``hot spots'' may cause local thermal injury at field power densities which do not evoke general thermal response in the whole organism. Thermal effects caused by absorption of MW energy are considered dangerous (ICNIRP, 1998) and, therefore, all safety guidelines leave a large margin of protection against such complications, even in the worst possible environmental conditions.
A real problem starts when the effects of low-level MW fields are being considered, when the amount of absorbed energy is much too small to cause a detectable increase of temperature (Repacholi, 1998) . At present there exists sufficient experimental and epidemiological evidence which clearly indicates that, under certain conditions of exposure, weak and very weak MW fields can cause measurable effects in biological organisms (cells, animals, human beings) (for most recent reviews, see Adey, 1997; ICNIRP, 1996; Repacholi, 1998; Verschaeve and Maes, 1998) , but mechanisms of these effects and their relevance for health status of the organisms are still difficult of interpretation. In general, bioeffects linked with exposures in low-level MW fields are weak, transient, disappear shortly after exposure and are difficult for replication. Still more, quite frequently certain bioeffects (e.g. increase in efflux of calcium ions from brain tissues and neural cells exposed to weak MW fields modulated at 16-Hz frequency (Cleary, 1997) ) occur only at particular frequencies and/or modulations of MW (``windowing'' phenomena) and/or do not show any relation with exposure intensity (dose)).
Analysis of available publications on effects of exposure in low-level MW fields reveals that only part of the material fulfils the quality assurance criteria (Repacholi, 1998) . Numerous reports from experimental studies do not provide sufficient information about exposure conditions, MW dosimetry, use of shamexposed controls and/or experimental design. In numerous medical and epidemiological observations of personnel working in MW fields, the assessment of individual exposure is at least uncertain; particularly historical exposures are often determined via surrogates (e.g. job titles, service cards, etc.) (Simunic, 1998) . In view of the above, a considerable practical experience in studies of bioeffects of EMFs is needed for critical evaluation of the available literature on effects of low-level MW fields, synthesis of data and selection of results into those which are properly verified, those which are possible but requiring further confirmation, from those which are still poorly documented and seem unacceptable for experienced reviewers (Table I) . Human data on possible health effects of exposure to low-level MW fields are mostly based on medical and epidemiological observations of occupational groups which are exposed to MW at work (military personnel, police officers, physiotherapists who use medical diathermy equipment, plastic sealers and workers in the broadcasting, transport and communication centeres). Effects of residential exposures were relatively rarely a subject of study. The epidemiological studies completed so far have mostly looked at cancer incidence in residents living close to radio and television transmitters and did not find sufficient evidence for an increased risk. Following a study of residents living around one TV and radio broadcasting tower in the UK in which a significant increase in morbidity from adult leukaemia was reported in people residing within 2km of the transmitter (Dolk et al., 1997a) , a more comprehensive study, performed by the same authors around 20 transmission towers in the UK, did not confirm this finding (Dolk et al., 1997b) . The study, based on 79 cases of adult leukaemia, revealed that for persons residing within 2km of the transmitters the morbidity ratio was not increased (observed/expected O/E = 0.97); however, a small, but significant, decline in risk of adult leukaemia with distance from transmitters in the 2-10km range was found (Dolk et al., 1997b) . Similar observations were made in Australia. A study of cancer incidence among residents living in the``inner'' (close to TV towers) and``outer'' (more distant) municipalities in Northern Sydney reported an increased morbidity and mortality of childhood leukaemia (Hocking et al., 1996) in the``inner'' municipalities. However, when these data were reanalyzed and other``inner'' municipalities were added (McKenzie et al., 1998) , it appeared that the excess of childhood leukaemia was restricted only to one (of six)``inner'' municipalities and there existed no evidence for linking it with the low-level MW exposures. Epidemiological observations of occupational groups which are exposed to MW at work also do not provide sufficient evidence for a causal link between exposure and increased risk of neoplastic diseases, although in some studies considerably higher morbidity rates were reported (for a recent review, see Veyret, 1999) . For example, a large retrospective study of Polish military career personnel exposed during service to MW radiation revealed increased morbidity of all cancers with the largest rates for lymphatic and haematopoietic malignancies (Szmigielski, 1996a,b) . However, the past exposure to MW radiation (mostly to pulse-modulated fields from military radars) of the personnel was assessed on the basis of service records and could not be evaluated quantitatively in individual cases of cancer victims. It should also be also pointed out that each work environment has an individual combination of physical, chemical and psychosocial factors which may influence human physiology, including development of neoplastic diseases, in a very specific and unique way. Therefore, the results of occupational studies of MW-exposed workers cannot be directly extrapolated as health risks for the general public, especially as intensities and time sequences of MW exposures in workers and in the environment are different (Simunic, 1998) . Typical MW intensities at work range from 2-10W/m 2 with incidental exposures at 10-30W/ m 2 and a period of exposure being limited to one to two hours during a working shift (WHO,1993) , while in the environment and homes MW fields normally do not exceed 0.1W/m 2 , but the exposure tends to be continuous. Non-cancer health disorders which are frequently linked to long-term exposures in low-level MW fields include a variety of behavioural effects, functional changes in the neural and circulatory systems, dysregulation of the autonomic control of internal organs, as well as certain ocular effects (for recent reviews, see Hermann and Hossmann, 1997; ICNIRP, 1996; Juutilainen and deSeze, 1998; Repacholi, 1998) . Although there exists partial support for these effects from experimental studies in animals and medical observations of occupational groups which are exposed to MW at work, it still remains an open question whether or not such health disorders remain causally linked to the radiation or are the effect of non-specific stress reactions experienced in the work environment. Another concept which may explain the above health disorders occurring after exposure in weak MW fields is generally referred to as``EMF hypersensitivity'', which is defined as the ability of individual people to react to EMFs at significantly lower levels than normal (Leitgeb, 1998) . According to its etiology, in general the term``EMF hypersensitivity'' (EMH) is used for people who claim to have subjective health problems (headaches, depressive symptoms, neurasthenia, anxiety, worry, etc.) due to the nearby electric and electronic appliances and/or MW transmitters. The problem of EMH has become recently a subject of systemic investigations, as in some European countries (mostly in the Nordic countries and in Germany) centres of occupational medicine have to deal with large numbers of persons claiming to be hypersensitive and several self-aid groups of citizens were already formed (Leitgeb, 1998; Mild et al., 1998) . Existing studies, based on the response of``hypersensitive'' subjects to provocational exposures in weak EMFs, tend to support the existence of EMH, but only in some of those who claim that they have hypersensitivity. EMH is assumed to occur, with more or less pronounced symptoms, in about 1-2 per cent of the general population, but in most cases the symptoms can be triggered by exposure in power frequency (50Hz) EMFs, while MW seem to play only a small role in development of the symptoms (Juutilainen and deSeze, 1998; Leitgeb, 1998) . It should, however, be emphasized that current data are still unable to give a definite positive identification of causal relationships between exposure in weak EMFs and appearance of non-specific health symptoms, even in subjects assumed to be``hypersensitive''. Improved methodological design of future studies with healthy volunteers and``hypersensitive'' subjects and better coordination of studies in different countries may make it possible to solve the problem.
Identification and assessment of risks related to cellular phone systems Modern digital cell phone systems (CPS) use 800-950MHz and 1,800-1,900MHz MWs with unique repetition rate of the carrier wave (217Hz), which resembles a pulse-modulated MW radiation from certain radar devices. In some European countries various older analog CPS are still in use; these systems apply either 450MHz or 900MHz MWs. All these frequencies penetrate the human body to a depth of few centimetres and the majority of the energy is absorbed relatively superficially (WHO, 1993) ; nevertheless, with a CP antenna located close to the head, deposition of energy in the inner ear and superficial layers of the brain is possible. The amount of MW energy absorbed inside the human head depends on numerous factors and may differ considerably even with small shifts of antenna or the telephone. The maximum output power of the CP, which determines the amount of absorbed MW energy, is limited in modern digital GSM systems to 1-2W, but normally the device operates at mean values not exceeding 0.25W. The output power is additionally regulated from the base station from a maximum of 2W to a minimum of 0.005-0.02W, depending on type of the CP, and, therefore, the mean output power of modern GSM system phones lies well below 0.1W. Recent measurements of absorption of MW energy from different digital CPs in use in European countries (Bernhardt et al., 1997) , performed on phantom models of the human head, revealed a wide range of variations in SAR values (0.28-1.33W/kg, averaged per 10g of tissue), for particular types of CP. Such SAR values were measured for normal user conditions. However, when the phones were slightly tilted towards the head of the user, in some cases the SARs went up to 3.5W/kg, to values being close to that responsible for thermogenic effects. Measurements of fields power density around CP antennas revealed values of 1-3W/m2 at 5cm from the antenna (Table II) , the intensities comparable to those experienced by workers at (Adey, 1997; Hocking, 1998; ICNIRP, 1996; Repacholi et al., 1997; Veyret, 1999) . The existing data on bioeffects and health hazards of low-level MW fields (see above), although instructive and inspiring, cannot be directly extrapolated to use of CP because of different exposure conditions (whole-body versus localized exposure), variations in MW parameters (frequency, modulations) in the experiments and use of various occupational groups for epidemiological studies. Therefore, for valid evaluation of CP-related adverse health effects, priority should be given to studies which include in their design all parameters of the unique exposure situation (local absorption of MW energy in the head and neck region, intermittent exposures lasting few-several minutes with changeable intensity, modulation of the MW signal, etc.) as well as the possibility of changeable physiological reactions from the exposed subject (adaptation to frequent local exposures, MW``hypersensitivity'', etc.). Unfortunately, animal studies seem to be of limited use for CP studies, due to troubles with elaboration of a valid system for local exposure of the head and neck region which may mimic the situation in human subjects. Therefore, a reasonable solution of the problem may come only from studies on volunteers and users of CP. At present only single pieces of data are available (Table III) and all need further verification and validation. The question of subjective disorders linked with the use of CP and other types of radiotelephones has been raised for years in many countries (UK, Australia, USA, Sweden, Norway) but was generally limited to casuistic examples and anecdotal stories (Adey, 1997) . Complaints were usually about headaches, difficulties in concentration, apathy, weakness and a variety of neurasthenic symptoms and tended to be linked by the patients, at least partially, with frequent use of CP. In 1996 Mild et al. (1998) started an epidemiological study on CP users in Sweden and Norway and confirmed on a population of about 11,000 responders occurrence of nonspecific health symptoms (NSHS), including warm sensations on and behind the ear, headaches, fatigue and neurasthenic syndromes. Increased risk of NSHS was found for most symptoms for groups with longer calling time per day (20 per cent of those who use CP more than one hour daily reported NSHS) and higher number of calls per day. Similar occurrence of NSHS has been recently reported by Hocking (1998) , who interviewed 40 persons who associated their symptoms with use of CPs. There exist also single studies performed on volunteers exposed to CP radiation (Table III) which report a slight increase of diastolic and systolic arterial blood pressure after 35 minutes exposure to a 2W peak 900MHz GSM signal (Braune, 1998) or disturbances in sleep parameters (REM-suppressive effect with reduction of duration and percentage of REM sleep) (Mann and Roeschke, 1996; Roeschke and Mann, 1997) . In summary, although none of the completed studies clearly shows any relevant health risks from use of CPs, there exist convincing premisses that the use of CPs may lead, at least in certain subjects (e.g.``EMF hypersentive''), to development of NSHS and possibly to measurable shifts in physiological parameters, related to dysregulation of the autonomous control of internal systems. Thus, both CP users and family doctors should be aware of the possible health consequences of using CP and should be advised to limit calls to a reasonably controlled extent. It remains an open question whether or not the present state of knowledge justifies marking all CPs with red labels warning about possible health risks of using the device, as it is proposed by some organized groups of citizens in the UK, USA and Italy. A couple of large international research projects on bioeffects and health hazards of CP systems, which were recently started in European countries, including these which are planned in the V Framework of the European Community DGXII (Veyret, 1999) , will hopefully soon broaden our knowledge, identify the possible risks and allow us to assess them more precisely. Healthy volunteers (N = 26) Juutilainen and deSeze (1998) CP transmitting antennas, mounted 20-40m. off the ground on base stations (BS), operate typically at the maximum intensities of 5-50W (Table II) , depending on BS class; only exceptionally, in less populated areas, a class 1-2 BSs (160-320W power output) are being settled. Most of the MW radiation is emitted from the BS in form of a narrow beam to provide a good link with surrounding BSs and only a small part is dispersed circularly to the environment to provide communication with terminal phones (CPs) of users. On the ground near the BS site (within 7-10 m. from the antenna site) a typical class 4 BS (40W maximal output) can produce power densities about 0.2W/m 2 , but at a distance of 100 m. ground level power densities will be normally in the 0.0003-0.0005W/m 2 range (Table II) . Within 100-200 m. of BS the power density may be somewhat greater (0.001W/m 2 ) at elevations above the base of the antenna site (for example at the second-third floor outside of the building or on a hill); further than about 200m. from BS power density does not rise with increased elevation. Power densities inside buildings will be lower by a factor of 3-15 than outside. From these data it can be easily calculated that, even with multiple antennas and two-three CP transmitting systems mounted on the same tower, power densities would still remain well below 0.01W/m 2 at distances of more than 100m. from the antenna site. In practice, contribution of the radiation emitted from CP transmitting antennas in the whole spectrum of MW (300-300,000MHz) contamination of the environment is much smaller. Frequent measurements of MW intensities over the whole MW spectrum, performed at various locations, revealed that in all cases the majority (80-90 per cent) of total MW energy originates from local and national TV and FM radio signals, local radiolocation and radiocommunication antennas, while the radiations related to CP systems contribute with less than 10 per cent of the total energy (Bernhardt et al., 1997) . This clearly indicates that, after excluding the radiation from cell phone BSs, the environmental exposure levels, even for those residing relatively close (at a distance of 100m. from towers) to BS, would not be much lower.
The above data on intensities of MW radiation emitted from BSs and a less than 10 per cent contribution of the CP-related radiation in the spectrum of environmental MW contamination clearly indicate that BSs cannot be recognized as objects posing a unique threat for the environment or health problems for residents. There are no valid scientific data which document any biological effects which can be evoked by exposure to such weak MW fields as those emitted from BSs (0.0003-0.01W/m 2 ), and, moreover, intensities which are by at least one order of magnitude higher than those generated by BSs and are normally present in the environment (0.05-0.1W/m 2 ) also do not cause detectable health disorders. A possibility of bioeffects and health risks related to low-level MW fields, which was discussed earlier, refers to still higher intensities (above 1W/m 2 ), which only exceptionally occur in the environment, but which are a factor in local exposure of CP users. From the point of view of environmental health the most important, still open question is whether or not the present complex but relatively low EMF exposures (composed mostly of exposures to power density ± 50/60Hz electric and magnetic fields with a 20 per cent addition of EM energy from RF and MW fields) may exert any delayed bioeffects and/or health disorders, which are very difficult for confirmation (Repacholi, 1998) . CP-related MW radiation generated from BSs is a very small fraction of the complex EMF spectrum in the environment and cannot be considered separately from other elements.
Perception and communication of the risks
Risk communication has been defined as``the exchange of information about the nature, magnitude, significance, acceptability and management of risk (potential for the realization of unwanted consequences from unpending events)'' (Covello, 1998) . Risk communication should, therefore, provide information about probability of exposure to the risk and about the nature and extent of the consequences. When these consequences are uncertain and/or unknown, risk communication must provide enough information about the nature and extent of the uncertainty. The case of possible health risks from exposure to low-level environmental MF fields and the contribution of CP system in these risks is one of the newest in the realm of risk perception and communication. Until very recently, risk communication in these subjects has been undertaken mainly by producers or managers of electronic technologies, and used most often to persuade the public that a technology posed little or no risks. Introduction of CP systems, a technology of widespread use and a major economic activity, which has obvious benefits both to the public and to the producers, has influenced the risk perception and communication considerably. The question of risks of CP systems and MW fields in general, accompanied by the scientific uncertainty, raises various controversies between scientists, producers, managers and the general public. These controversies tend to be aggravated by the difficulty in communicating an uncertain science and events of a probabilistic nature to the general public, and to remain for significant periods because of the time required to accumulate valid scientific evidence and because of the adversarial climate that develops in such cases (Hester, 1998) .
In the last decade, risk communication has become a serious field of research and practice in social sciences. Regulatory agencies as well as industrial organizations in various countries have been engaged in producing extensive materials to inform the public and to aid them in decision making, relevant risks from EMFs in general, MWs and the use of CP systems in particular. Unfortunately, in spite of their intention to provide information to support decision making by the public, most risk communication materials providè`e xpert advice'' with little or no attempt to provide information really required for the undertaking of proper decisions by the section of the public not expert in the science or technology details. Research in science education has shown that people, given information about risks or health consequences of exposures, process the information through their own existing knowledge structure, referred to in psychology as``mental models'' (Hester, 1998) . The processing of new, unfamiliar information could lead to an incomplete or inaccurate, yet consistent picture resulting from the synthesis of this information with the existing mental model. An incomplete understanding of the mental models of the lay public ± what people already know and think about risks from EMFs and MWs and the relevant scientific data about bioeffects of low-level MW fields, including concepts and relations they know and believe, misconceptions and misperceptions ± appears to be the main cause of controversies in perception of MW and CP risks between scientists, producers and the general public (Covello, 1998) . The communication or education materials should be based on good knowledge of mental models and should in detail discuss all misconceptions and misperceptions. Therefore, the risk communication design should start with determininig the mental models of lay people on the subject. In order to obtain a composite of people's conceptual models, a series of interviews and/or questionnaires administered to representative groups selected from the population appears to be the best solution.
The need for clear, convincing and reliable risk communication by scientists and difficulty in doing this go hand-in-hand, because both of these result when a useful technology (like CP systems) has a limited potential of causing health disorders and risks, but there exists high uncertainty about the nature of the exposure, its synergy with other environmental and social factors and the relation with risks. Familarity with the CP and MW technologies, generally low and fragmentary, also implies that the general public may have a reasonably established mental model of the phenomena, which includes numerous misconceptions and misperceptions, as well as deductions from inaccurate media information. In such a situation, careful articulation of the sources and nature of uncertainties is, therefore, an important part of the risk communication. There are three basic forms of uncertainty in the case of MW and CP risks: first, uncertainty in the knowledge about bioeffects of low-level MW fields; second, variability ± environmental and biological ± of the response, that in turn affects assessment of risks and, third, incompleteness of the science with a small amount of data on effects of MW exposures which are unique for the use of CP systems. All these have to be carefully explained so that the recipient of the communication will, in the future, be able to evaluate new information generated by the ongoing and planned studies. Figure 1 summarizes the milestones for elaboration of an efficient strategy of risk communication, based on good knowledge of factors which influence both risk perception and/or assessment by the public and mental models of the community. However, for efficient communication of risks, based on valid scientific data a good cooperation between research centres and managing organizations is required (Figure 1 ) with the aim of elaborating an acceptable system of risk management.
Conclusions and future research needs
There still exist uncertainties in the knowledge about bioeffects of low-level MW fields. Admittedly, sufficient experimental and epidemiological evidence clearly indicates that, under certain conditions of exposure, weak and very weak MW fields can cause measurable effects in biological organisms (cells, animals, human beings), but mechanisms of these effects and their relevance for health status of the organisms are still difficult of interpretation. In general, bioeffects linked with exposures in low-level MW fields are weak, transient, disappear shortly after exposure and are difficult of replication. Fortunately, a comprehensive evaluation of residential exposure to RF and MW indicates that, in general, the exposure levels are relatively low. In most cases the field intensities in the environment are by one-two orders of magnitude lower than those in which the bioeffects of low-level MW fields can be found in experimental studies. Uncontrolled MW exposure of the general public has grown rapidly with the introduction of CP systems some ten years ago. Users of cellular phones undergo during calls a unique local MW exposure of the head and neck region. The intensity of this exposure is comparable to that experienced by those working rear MW generators; depending on type of CP and style of its use, even absorption of subthermal amounts of energy in the head and ear is possible. Health consequences of the use of modern CP devices are still not known in detail; however, recent data indicate that development of non-specific health symptoms and various symptoms of dysregulation of autonomous control of internal systems is possible, at least in those who use CPs very frequently and for a long time. Further studies, which are already ongoing or are planned for the next few years, will verify the risk of these symptoms and try to assess whether or not there exist subjects who appear to be``hypersensitive'' to MWs and CP exposures. In contrast to cell phones, transmitting antennas and base stations (BS) do not contribute much to MW exposure of the general public. MW radiation present in the environment is mostly generated by TV and radio broadcasting stations, as well local radiocommunication and radionavigation centres. CP antennas and BS contribute only with a small (mostly below 10 per cent) fraction of the total MW energy in the environment, even at locations relatively close (100m.) to the CP antenna site.
The question of risks communication of CP systems and MW fields in general, accompanied by the scientific uncertainty, raises various controversies between scientists, producers, managers and the general public. These controversies tend to be aggravated by the difficulty in communicating an uncertain science and events of a probabilistic nature to the general public. Familarity with the CP and MW technologies, generally low and fragmentary, also implies that the general public may have a reasonably established belief in the risks of these technologies, which includes numerous misconceptions and misperceptions, as well as deductions from inaccurate media information. In such a situation, careful articulation of the sources and nature of scientific uncertainties is, therefore, an important part of the risk communication.
The present state of knowledge on the bioeffect of low-level MW fields does not allow a firm evaluation as to whether there exists a health risk from the levels of concern for use of CPs, because of inconsistencies in the results of numerous epidemiological studies and certain limitations of experimental studies. Nevertheless, the accumulated data clearly indicate that a problem of safety of CP use should be continuously monitored both by the biomedical community and by producers, and further studies of the possible risks are required. Recently, several groups of experts have prioritised research on mobile communication and health (ICNIRP, 1996; Repacholi, 1998; Veyret, 1999) . The conclusions of these groups are similar, give priority to human and epidemiological studies and include:
. studies of the relationship between use of CPs and the incidence of certain head and neck neoplasms (brain tumours, salivary gland cancer, acoustic neurinoma), as well as lymphatic and haematopoietic malignancies;
. studies of risk ocular pathologies in CP users and in highly exposed occupational groups;
. studies of non-specific health symptoms and dysregulation of autonomic control of internal systems and relation of these symptoms to``MW hypersensitivity'' in CP users;
. studies of the influence of CP use on hearing ability and perception;
. cohort studies of cancer incidence and adverse pregnancy outcome in highly exposed occupational groups and, if possible, in groups of residents, who live at regions with higher than average MW exposure.
